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pairs {, over those expected from
known hadronic sources, has been observed in S-induced interactions on heavy targets at
200 GeV/nucleon, by the three experiments - CERES, HELIOS-3 and NA38 -, dedicated
to the measurement of dileptons at the CERN SPS. The excess covers a very broad
invariant mass-range from 200 MeV/c
2
up to the J= . On the other hand there is no
clear evidence of a signal in the search for direct photons carried out by the CERES and
the WA80 experiments. The properties of the low-mass dilepton excess suggest that it








. Possible interpretations invoking a
phase transition into the quark-gluon plasma or using decreasing  and ! meson masses
in hot and dense hadronic matter are discussed.
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1. INTRODUCTION
The measurement of dileptons has always been emphasized as one of the most relevant
probes to study the dynamics of relativistic heavy-ion collisions. The argument is simple
and was rst proposed by Shuryak more than sixteen years ago [1]: since dileptons interact
only electromagnetically, their mean free path is large compared to the size of the system
formed in these collisions; therefore once produced, they can leave the interaction region
and reach the detectors without any further interaction, carrying information about the
conditions and properties of the matter at the time of their production. Dileptons can be
emitted throughout the entire lifetime of the collision. However, since the emission rate is
a strongly increasing function of the temperature they are most abundantly produced at
the early stages when the temperature and the energy density have their largest values.
The main topic of interest is the identication of dileptons emitted as thermal radiation
once the system reaches thermal equilibrium. The thermal radiation could tell us about
the nature of the matter formed, the conjectured quark-gluon plasma (QGP) or a high-
density hadron gas (HG). The shape and the relative strength of the elementary processes




annihilation in the HG phase{ are
expected to be dierent. The window to search for the thermal radiation from the HG is
at low masses, around and below the -meson mass [2{4]. On the other hand, theoretical
calculations have singled out the mass range of 1-3 GeV/c
2
as the most appropriate
window to observe the thermal radiation from the QGP phase [2,5].
There are also other sources of dileptons. The primary hard collisions, which drive the
system towards equilibrium, produce dileptons by the Drell-Yan process and the semi-
leptonic decay of heavy avor mesons (DD). These are the dominant contributions to the
dilepton continuum spectrum in hadron-hadron collisions at masses m > 1.5 GeV/c
2
.
A large amount of additional lepton pairs is produced at a late stage, long after the





















In addition to all these sources, bremstrahlung emission of soft virtual photons takes
place both in the QGP and the HG phases. They mainly contribute to the very low
masses of dielectrons [3,4,6].





-decay channels. They are considered as important messengers of the collision
dynamics [7{10]. The -meson with its very short lifetime of 1.3 fm/c, has been proposed
as a potential signal of the restoration of chiral symmetry which is expected to occur
at conditions similar to those leading to deconnement [7,8]. Its mass is expected to
be strongly modied in a dense baryonic system and as the system approaches chiral
restoration.
The interest in the -meson is quite dierent. Consisting of ss quarks, it has been
proposed as a probe of QGP formation [10].
After briey discussing the interest in electromagnetic probes, it is important to ap-
preciate the diculty of the measurements, which explains why the rst results became
available only recently. The main problem in the case of dileptons is the huge combinato-
rial background of uncorrelated pairs originating from the decay of hadronic particles (and
1
also from conversions in the measurements of electron pairs), which strongly increases as
the coverage moves to the low-mass and low-p
t
regions. This is one of the factors limiting
the sensitivity to any new source. Another limit is set by the uncertainties in the con-
tributions from the known sources, i.e. the physics background; the Drell-Yan and open
charm contributions (at masses m > 1.5 GeV/c
2
) and the hadronic sources (at masses
m < 1 GeV/c
2
) must be well under control before a claim can be made on the observa-
tion of a new source. Under these circumstances, the best approach is a systematic one,
performing precise measurements of the dilepton production in pp and pA collisions as
the basis for identifying any possible deviation from the known physics in nucleus-nucleus
collisions. The results which I will review below show clear evidences of such deviations.
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Figure 1. Dimuon invariant mass spectra measured by HELIOS-3 in p-W and in central
S-W interactions at 200 GeV/nucleon. The data are normalized to the charged particle
multiplicity measured in the acceptance of the spectrometer[11].
2. ENHANCED PRODUCTION OF DILEPTONS
The three experiments involved in the measurement of electromagnetic probes, CERES,
HELIOS-3 and NA38, have recently reported an excess of dileptons in S-induced inter-
2
actions over the known sources as measured in pp or pA collisions after scaling to the
S-nucleus case.
Figure 2. NA38 results: S-U dimuon mass
spectrum compared to predictions from













Figure 3. NA38 results: overlay of S-
U and p-W mass spectra normalized in
the high-mass region.
The enhancement is beautifully illustrated in Fig. 1 which shows the results of HELIOS-
3 in central S-W interactions together with those obtained in p-W at 200 GeV/nucleon
[11]. It covers a very broad mass range including the low-mass continuum (m = 200 - 600
MeV/c
2
), the vector mesons , ! and , and the intermediate-mass continuum (above the
 and below the J= masses). The gure also displays the well known J= suppression,
a topic of interest in its own right [12].
NA38 has also reported an excess of dimuon pairs in the intermediate mass region. The
excess is displayed in Fig. 2 which compares the S-W data with the expected yield from
Drell-Yan and semi-leptonic charm decay contributions. These are the main contributions
at masses 1.5 < m < 2.5 MeV/c
2
, and they provide a good description of the p-W data.
For details on the normalization and extrapolation procedures used for the S-W data see
ref. [13]. A straightforward way to illustrate the excess is shown in Fig. 3 where the p and
the S spectra are overlayed normalizing them in the high mass region (m > 4.2 GeV/c
2
).
The most dramatic eect is the one observed by the CERES experiment in S-Au col-
lisions as shown in Fig. 4 [14,15]. The low-mass spectra measured in p-Be (a very good
approximation to the p-p system) and p-Au collisions are well reproduced, within sys-
tematic errors, by electron pairs from the known hadronic sources. There is no need to
invoke any unconventional or "anomalous" source of lepton pairs (see also ref. [16]). The
measured S-Au mass spectrum, on the other hand, has a dierent shape and shows a
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mass spectra in 450 GeV p-Be and p-Au collisions, and in 200
GeV/nucleon S-Au collisions measured by CERES. The solid lines represent the contri-
butions from the various known hadron decays; the shaded area represent the systematic
error on the summed contributions. The data are normalized to give the pair density per
charged particle density within the acceptance of the CERES spectrometer [14,15].
even an order of magnitude around m  0.4 GeV/c
2
. The average enhancement factor is




For direct photons, the situation is less clear. The results of CERES show no evidence
for direct photons. Within the systematic errors of the order of 10%, they are reproduced
by the expectations from hadronic sources [15,17]. The rst results on this topic, published
by HELIOS-2 [18] reached also the same conclusion, although with somewhat larger errors.
On the other hand, WA80 reported at Quark Matter 93 [19] a small excess of direct
photons (over those expected from hadronic sources) in central S-Au collisions with a
signicance at the 2 { 3 level. (An even smaller eect was already seen in the O-Au
system [20]).
The shape of the photon p
t
distribution is the same in WA80 and CERES [21] so that
the conicting conclusions are only due to a dierence of the order of 10% in the absolute
yields; but if one takes into account their systematic errors which are also of the order
of 10%, the two experiments appear to be consistent within each other. Moreover, a
reanalysis of the WA80 data [22], seems to indicate that the excess is somewhat smaller,









Figure 5. Comparison of the CERES
results [14] with calculations based on
a standard hydrodynamical model invok-
ing a phase transition to a QGP (solid
line). The dashed line (bracketed within
two solid lines) represents the contribution
from hadronic sources as in Fig.4 [23].
S-Au 200 GeV/u
p⊥ > 200 MeV/c,   Θee > 35 mrad
2.1 < η < 2.65,    〈dn
ch /dη〉 = 125
CERES    data
- - -  Free  ρ/ω  mass  (Li,  Ko and Brown)
___ In-medium  ρ/ω  mass  (       ,,           )
Figure 6. Comparison of the CERES data
(solid points) [14] with calculations using
free (dotted histograms) and in medium
(solid histogram) ,! masses [24].
4. DISCUSSION AND OUTLOOK
Three experiments, CERES, HELIOS-3 and NA38 see an enhanced production of dilep-
tons in the low- and the intermediate-mass continuum in S-induced interactions. Although
the magnitude of the excess varies from one experiment to another, there seems to be a
reasonable degree of consistency among them considering their dierent kinematic win-
dows. The large excess of low-mass electron pairs observed by CERES is also consistent
with the lack of signal in the search for direct photons (or, to be more precise, with an
upper limit of 10% with respect to the hadronic sources) performed by the same exper-
iment [21]. These results are triggering a considerable theoretical activity and they also
call for more experimental information to assess the origin of the excess.
On the theoretical front, the attention is mainly focussed on the electron data which
are more accessible to calculations using standard hydrodynamical models, since they are
measured at mid-rapidity. The characteristic features of the low-mass dilepton excess
5




, its extension to the low-mass region below and
around the -meson, and the possibility of a quadratic dependence with multiplicity{








. This would then be the
rst indication of radiation emitted from the dense hadronic matter formed in relativistic
heavy-ion collisions.
The CERES results have been analyzed using a standard hydrodynamical scenario and
are satisfactorily reproduced {see Fig. 5 taken from ref. [23]{ by a scenario invoking
formation of a thermalized quark-gluon plasma which evolves through a mixed phase of
quark matter and hadrons to a nal hadron gas phase. The calculations include elec-
tron pairs emitted from the pure QGP phase, the QGP and the HG components of the
mixed phase and the pure HG phase. The dominant contribution comes from two-meson
annihilation in the hadronic component of the mixed phase.
Fig. 6 shows the results of another approach which takes into account the decrease
of the , ! vector meson masses, in the hot and dense hadronic matter formed, without
invoking a phase transition to a QGP [24]. The agreement with the CERES data is
remarkable. The main contribution is due to pion-pion annihilation which is dominated
by the pole at the  mass of the pion electromagnetic form factor; since the pions have a
thermal distribution the cross section is greatly enhanced by the reduced  and ! masses
producing a large yield of electron pairs at low invariant masses.
On the experimental front there are several open questions. Among them, a key ques-
tion is the multiplicity dependence of the observed excess. The suggestion of a strong
dependence, derived [21] by comparing CERES and HELIOS-3 results, is not corrobo-
rated by a direct measurement.
Another interesting question is whether the excess below and above the vector mesons
, ! and  have the same origin [21]. The HELIOS-3 analysis seems to favor a common
origin [11]. NA38 suggests an enhanced charm production as a possible explanation of the
excess in the intermediate mass range [13]. One would then need a dierent explaantion
for the excess at low masses since charm production has a negligible contribution there.
Data on multiplicity dependence and p
t
distribution may shed light on this issue.
In the search for direct photons, the experiments have so far been limited by the sys-
tematic errors which are now of the order of 10%. More precise data are needed for a
meaningful consistency check of the dilepton and the photon results.
The new round of experiments at the CERN SPS with Pb beams of 160 GeV/nucleon
which has just started should provide all this information. In addition it will allow to
study the evolution of the excess under the better conditions oered by the Pb beam: the
interaction volume increases to the largest value attainable in the laboratory, the multi-
plicity range also increases by approximately a factor of three and the energy density is
somewhat larger.
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